The investigation of visual processing mediated solely by chromatic information requires conditions preventing a subject's use of the luminance differences normally accompanying a chromatic change. In Experiment 1, which involved a discriminative reaction time (RT) task, chromatic and white stimuli of the same luminance were presented on a dimmer achromatic background. Subjects were instructed to respond only to the chromatic stimuli. RT was slowest at 570 nm and somewhat faster to short wavelengths than to long wavelengths. In Experiment 2, which compared two discriminative RT tasks, RT was faster when subjects responded to color than when they responded to white. Experiments 3 and 4 demonstrated that a brighter white surround decreased the perceived brightness of chromatic stimuli as well as their perceptual similarity to white, but did not affect RT. The results are discussed in terms of the response strength of the chromatic processing channel.
In the natural visual world, most stimuli are composed of changes in both color and luminance. Technology has resulted in some common stimulus situations that involve changes only in luminance (e.g., black and white photographs and television). However, stimuli composed only of color differences are rare. The absence of such stimuli in the world outside the laboratory and difficulty in producing them in the laboratory have limited the investigation of the role of purely chromatic differences in information processing.
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Requests for reprints should be sent to Mary Jo Nissen, who is now at the Department of Psychology, Florida State University, Tallahassee, Florida 32306. models of color vision postulate the existence of achromatic and chromatic processing channels in the human visual system.' The achromatic channel responds to changes in luminance; the chromatic channel is sensitive to changes in both luminance and wavelength (DeValois, 1972; Ingling & Drum, 1973) . These channels possess different spatial (DeValois, Snodderly, Yund, & Hepler, 1977; van der Horst, 1969; van der Horst, de Weert, & Bouman, 1967) and temporal (Kelly, 1975; Regan & Tyler, 1971a) properties. Psychophysical data indicate that the achromatic channel has better temporal resolution (Bowen, Lindsey, & Smith, 1977; KingSmith & Garden, 1976; Regan & Tyler, 1971b) ; physiological data suggest that it 1 The terms achromatic channel and chromatic channel refer to the mechanisms of the visual system sensitive to luminance changes and to both luminance and wavelength changes, respectively. Although each of them may include more specific mechanisms of processing (e.g., opponent mechanisms), the more general terms suffice here. Furthermore, although physiological data from cells whose properties are consistent with the above definitions will be discussed, the dangers inherent in the physiological-behavioral leap prevent us from using channel to refer to any specific neural structure.
Copyright 1979 by the American Psychological Association, Inc. 0096-1523/79/0503-0406$00.75 also has shorter response latency (Dreher, Fukada, & Rodieck, 1976; Marrocco & Brown, 1975) .
The presentation of a stimulus on a background of a different luminance should produce activity in both channels. A stimulus presented on a background of the same luminance but of different wavelength should produce activity only in the chromatic channel. Apart from techniques that would adapt the achromatic channel, the elicitation and evaluation of activity in the chromatic channel alone thus requires hue modulation with no accompanying luminance change.
The method of stimulus presentation that meets this requirement is called hue substitution. A chromatic stimulus is substituted for a portion of an achromatic background field of the same luminance. Luminance is equated empirically either by heterochromatic flicker photometry or by the minimally distinct border criterion (Wagner & Boynton, 1972) . Several recent studies have investigated temporal order judgements (Breton, 1977; Weingarten, 1972) , two-pulse resolution thresholds (Bowen, Lindsey, & Smith, 1977) , duration thresholds (Burns, 1978; Pokorny, Bowen, Lindsey, & Smith, 1979) , and temporal brightness enhancement (Bowen & Nissen, 1979) for stimuli presented in hue substitution.
In an earlier article (Nissen & Pokorny, 1977) , we compared simple reaction time (RT) to chromatic stimuli presented on an equiluminant white background (hue substitution condition) and those presented on a dimmer white background (increment condition). Our results, reproduced as the dashed lines in Figure 1 , showed two major differences between the two conditions: (a) responses were significantly faster in the increment condition and (b) simple RT was wavelength-independent in the increment condition but showed a strong effect of wavelength that had the form of a saturation function (Kaiser, Comerford, & Bodinger, 1976) in the hue substitution condition. Our interpretation of the results was that responses in the increment condition were mediated by the faster achromatic^ Nissen & Pokorny [1977] . Solid lines and triangles represent discriminative RT in Experiment 1. Numerals indicate false alarm rates.) channel; those in the hue substitution condition were mediated by the chromatic channel.
A logically alternative, technically easier and more natural method of isolating the response of the chromatic channel would be to use stimuli that include both luminance and hue changes, but to construct the subject's task so that responses must be based on chromatic channel activity.
Experiment 1
The purpose of Experiment 1 was to determine, first, whether the chromatic channel response could be isolated by manipulating the subject's decision process rather than by manipulating the stimulus characteristics. The second purpose was to compare the wavelength dependence of responses based on chromatic information when a luminance change accompanies stimulus onset and when it does not.
We presented white and chromatic stimuli of the same luminance on a dimmer achromatic background. The subject's task was to respond only to the chromatic stimuli and withhold responses to the white stimulus. Because stimulus onset was accompanied by a luminance change, both the chromatic and achromatic channels should respond to all stimuli. However, because the white and chromatic stimuli were matched in luminance, the achromatic channel response to target and distractor stimuli should be identical; the discriminative reaction time response would have to be mediated by the chromatic channel. Jones and Wilkinson (1975) conducted an experiment of this sort, asking subjects to respond to red or green but not to white. Their results showed that RT to green (510 nm) was about 24 msec slower than RT to red (645 nm). The present study included, first, a larger number of target wavelengths so that responses over a wider spectral range could be determined; second, the subjects for this experiment were the same as those used in our earlier (Nissen & Pokorny, 1977) simple RT study, allowing a direct comparison of these two techniques for determining the chromatic channel response.
Method
Apparatus and stimuli. The apparatus, described previously (Nissen & Pokorny, 1977) , was a three-channel optical projection system interfaced with a PDP-1S computer. The stimulus display consisted of a 3.8° achromatic background field with stimuli appearing as a circular field of 1.9°c entered on the background. The array was viewed monocularly in darkness with the subject's head positioned by a chin rest. Subjects were instructed to fixate on the center of the display. A calibrated, laboratory-constructed spectroradiometer was used to determine the spectral character of the white surround, the white stimulus, and the seven chromatic stimuli. The white surround and stimulus had chromaticity coordinates of x = .3607, y = .3616, and a correlated color temperature of 4505 Kelvin. The peak wavelengths of the narrow-band interference filters measured in the apparatus were 430 nm, 460 nm, 502 nm, 542 nm, 570 nm, 613 nm, and 650 nm.
The luminance of the surround and the white stimulus was .7 cd/m 2 , producing an estimated retinal illuminance of 9.3 trolands (deGroot & Gebhard, 1952) . Prior to the collection of RT data, the luminance of each chromatic stimulus was matched for each subject to that of the white stimulus by heterochromatic flicker photometry. For the RT task, the luminance of the central 1.9°o f the background field was reduced by .3 log unit relative to the surround. At stimulus onset, either the white or one of the chromatic stimuli was substituted for the central portion of the background, resulting in a luminance increment of .3 log unit. Following stimulus onset, the field was equiluminant-the same as for a hue substitution condition.
Procedure. Trials in the RT task were grouped into 40-trial blocks, each of which included 20 presentations of the white stimulus and 20 presentations of one chromatic stimulus. Trials were blocked by the wavelength of the chromatic stimulus, the order of blocks being determined by a Latin square. Subjects completed seven blocks, one with each wavelength, on each of the 6 days of the experiment, yielding a total of 120 observations per wavelength.
At the beginning of each trial a motor moved one of two filter boxes into place in the apparatus. Following this movement, which subjects could hear, was a blank foreperiod of 500, 1,000, 1,500, or 2,000 msec (selected randomly). Stimulus onset occurred at the end of the foreperiod. Stimuli were responseterminated or, if no response occurred, were turned off after 1,500 msec.
Subjects. The three subjects had participated in our earlier (1977) study. All had normal vision with corrective lenses and normal color vision. The first author (MJN) served as a subject. Subjects KH and YC were naive as to the purpose of the experiment and were each paid $2.50 per hour for their participation. They were instructed to respond as rapidly as possible to the chromatic stimulus by pressing a telegraph key and to avoid responding to the white stimulus.
Results
Mean reaction times were computed for each subject and are shown by the solid lines in Figure 1 . Error bars are drawn to indicate 95% confidence limits. The numerals near each point represent false alarm rates, the percentage of trials on which subjects responded incorrectly to the white stimulus. Trials on which subjects responded before stimulus onset (less than .5%) were excluded from analysis. The RT data collapsed across subjects are shown in Figure 2 , along with the results from the simple RT experiment.
As Figure 1 shows, subjects YC and KH responded more slowly on the discriminative RT task than in the hue substitution condition of the simple RT task, whereas subject MJN did the opposite. However, the effect of wavelength on the two tasks appears to be similar, especially when results are collapsed across subjects, as in Figure 2 . Mean RT data from both tasks were subjected to a four-way analysis of variance (ANOVA). Factors included foreperiod (four levels), wavelength (seven levels), days (six levels), and task (two levels). The ANOVA indicated significant main effects of wavelength, F(6, 12) = 16.51, p < .001, and foreperiod, ^(3, 6) = 8.00, p < .017. Reaction time decreased monotonically with foreperiod. A significant Task X Foreperiod interaction, F(3, 6) = 11.15, p < .008, reflected the fact that foreperiod primarily affected responses in the simple RT task.
Neither the main effect of task, F(l, 2) = .02, p > .5, nor the Task X Wavelength interaction, F(6, 12) = 1.19, p > .372, was significant. Although the individual subjects showed differences in their performance on the two tasks, these differences were not consistent among subjects and were not statistically significant.
Discussion
The simple RT task in the hue substitution condition required a discrimination between a chromatic stimulus and the equiluminant white background that immediately preceded it. The discriminative RT task required a discrimination between a chromatic stimulus and a stored representation of an equiluminant white stimulus. The implications of the present study, however, extend beyond the fact that com- parable results can be obtained with simple and discriminative RT techniques.
One way to account for the results of this study is within the framework of a neural counting model for reaction time (McGill, 1963) . According to the model, a response is initiated if a cumulative count of neural impulses exceeds a particular criterion before a time deadline is reached. If the chromatic channel response to the white increment is weaker than its response to the chromatic increments used in Experiment 1, and if an appropriate criterion is used, the subject's response could be based on the comparison of a single criterion to activity in the chromatic channel alone. The criterion would be reached before the time deadline in the case of chromatic increments but not white increments. A response would thus be made to the former but not the latter. Alternatively, the decision may be based on the comparison of a criterion to the ratio of chromatic and achromatic channel activity. This ratio has formed the basis of models of physiological (DeValois, Abramov, & Jacobs, 1966) and psychophysical (Jameson & Hurvich, 1955) determinations of saturation discrimination. However, when luminance, and thus achromatic channel activity, is held constant across stimuli, as it was in Experiment 1, these two approaches lead to the same predictions for this task. We favor the more parsimonious view that the decision is based on the chromatic channel alone.
According to this model of the decision process, the speed of the subject's response to the chromatic increments should reflect the time at which the criterion is exceeded for each stimulus, and thus the strength of the chromatic channel activity as a function of wavelength. Our results suggest that the variation in response strength with wavelength approximates a saturation function: Reaction time is slowest to a chromatic light of 570 nm, which appears least saturated, and is faster to the highly saturated wavelengths near the ends of the visible spectrum.
Physiological data obtained from singlecell recordings of spectrally opponent cells in the lateral geniculate nucleus of the monkey support this characterization of the chromatic channel response. White increments produce a relatively weak response in these cells (Dreher et al., 1976) . DeValois and Marrocco (1973; Marrocco & DeValois, 1977) measured the response of four classes of spectrally opponent cells to chromatic stimuli presented in hue substitution and as luminance increments above the background. In both conditions the average change in firing rate from baseline, weighted by the proportion of the cell type, was minimal at 570 nm and greater for short wavelengths than long wavelengths. The correspondence between their data and a saturation function is not exact, but the similarity is suggestive. Their results also showed that the firing rate was greater for incremental stimuli than for stimuli in hue substitution. That difference suggests a reason for the otherwise puzzling fact that the absolute RTs in our simple and discriminative tasks were so similar: The stronger sensory response to the incremental stimuli in the discriminative task may have counteracted the added decision time (or the higher response criterion) involved.
In summary, it appears that this discriminative task is capable of revealing the strength of the chromatic channel response to an incremental stimulus. Despite the presence of a luminance cue and thus the achromatic channel response, appropriate experimental design reveals that subjects can selectively use the chromatic channel. Furthermore, the wavelength dependence of the chromatic channel does not seem to be significantly modified by the luminance increment.
Experiment 2
A model based on the strength of the chromatic channel response suggests that it takes the chromatic channel longer to detect relatively desaturated stimuli, such as 570 nm, than highly saturated stimuli, such as 430 nm. Such a model predicts even longer times for the chromatic channel to detect a white light; it should take longer for subjects to decide that an incremental stimulus is white than to decide that it is chromatic. Experiment 2 was designed to test this prediction.
Method
Apparatus and stimuli. The stimulus display and apparatus were the same as in Experiment 1. Four chromatic stimuli were used: Peak wavelengths of the interference niters were 453 nm, 502 nm, 570 nm, and 650 nm. The luminance of the white stimulus and surround were again .7 cd/m 2 , and the luminances of the chromatic and white stimuli were matched by heterochromatic flicker photometry. The luminance of the central portion of the background was reduced by .3 log unit relative to the surround.
Procedure. The procedure on each trial of the RT task was the same as in Experiment 1. Each block of trials included 20 presentations of one of the chromatic stimuli and 20 presentations of the white stimulus. Trials were blocked by the wavelength of the chromatic stimulus.
Three subjects (those used in Experiment 1) participated in two conditions. In one, they were instructed to respond only to the chromatic stimulus presented in each block; in the other, they were to respond only to white. These two conditions were run on alternate days. The order of blocks within each condition was determined by a Latin square. Subjects completed six blocks on each of the 4 days of the experiment (2 days in each condition). There were a total of 60 observations per wavelength in each condition.
Results and Discussion
Mean reaction times, 95% confidence limits, and false alarm rates for each subject in the two conditions are shown in Figure 3 . Reaction times to the white stimulus (dashed lines) are plotted according to the wavelength of the chromatic distractor stimulus.
The respond-to-color condition is, of course, equivalent to that of Experiment 1, yet responses are somewhat slower here. This difference may have resulted from some interference between the two opposite tasks that subjects had to perform on alternate days.
Results from all three subjects show that it takes longer to decide that an incremental stimulus is white than to decide that it is chromatic. This difference is evident for all four wavelengths in YC's data; for subjects MJN and KH there are significant differences between tasks at 453, 502, and 650 nm, but not at 570 nm. Mean RT data were subjected to a threeway ANOVA, with wavelength (four levels), task (two levels), and blocks (three levels) as factors. The ANOVA revealed a significant main effect of wavelength, F(3, 6) = 21.45, p < .002, and a significant Wavelength X Task interaction, F(3, 6) = 5.05, p < .046. The mean RT difference between respond-to-white and respond-to-color conditions was 27 msec for blue, 39 msec for green, 17 msec for yellow, and 38 msec for red.
This interaction is predicted by the properties of the chromatic channel proposed above. If the chromatic channel responds more strongly to the saturated blue, green, and red stimuli than to white, responses should be faster in the respondto-color condition at those wavelengths. If the channel's response is weak for both 570 nm and white, responses to both should be slow and the similarity in the sensory response should result in a smaller RT difference.
According to the proposed decision rule, subjects in this task decide that a stimulus is chromatic whenever a criterion is reached before a time deadline. Similarly, the decision that a stimulus is white results whenever the deadline is passed before the criterion is reached. The fact that RT to white varies with the wavelength of the distractor stimulus suggests that the deadline is variable (Grice, 1968) and can be adjusted according to the strength of response to the chromatic stimulus used in a given block.
There is one aspect of the results that is not predicted by a strict application of the proposed decision rule. As the chromatic channel response to chromatic and white stimuli become more similar, response times to the two should converge and error rates should increase. If a chromatic stimulus is responded to as slowly as the white stimulus, there should be a high rate of false alarms to both. However, for subjects MJN and KH, RT to 570 nm and white are not significantly different, yet error rates are reasonably low. It is possible that when target and distractor stimuli are difficult to discriminate, such as 570 nm and white, subjects reevaluate their decision or adopt a different strategy.
light of a given luminance, for example, will appear dark blue when a brighter surround is used. There is the further observation that in addition to reducing perceived brightness, a brighter surround also reduces the perceptual differences among chromatic stimuli (Boynton & Scheibner, 1967) . The purpose of Experiment 3 was to verify the perceptual changes produced by surrounds of different luminances.
Experiment 3
Another account of the results of Experiments 1 and 2, as well as our earlier simple RT data, might be constructed based on perceptual differences. Reaction time in Experiment 1 and in our simple RT study varied with stimulus saturation. Saturation is, in a sense, a measure of the perceptual difference between a chromatic and a white light. Desaturated spectral lights, such as yellow, are more similar to white than are highly saturated lights. On a perceptual level, our results could be taken as a demonstration that RT to the chromatic stimulus is simply a function of its perceptual similarity to the stimulus from which it must be discriminatedeither the white background or the white distractor stimulus. The faster responses to chromatic stimuli in Experiment 2 could be explained by another perceptual difference between chromatic and achromatic lights: Chromatic stimuli appear perceptually brighter than white stimuli of the same luminance (Boynton & Kaiser, 1968) .
To find out whether the determinants of the speed of response and the percept could be dissociated, we measured simple RT to the same chromatic stimuli, presented in hue substitution, under conditions that changed their perceived brightness and their perceptual similarity to the achromatic background. The perceptual changes were produced by manipulating the luminance of the surround field. A brighter surround induces darkness into the stimulus field: A white stimulus will appear gray and chromatic stimuli will appear to be "dark colors" (Boynton, 1975) . A blue Method Stimuli and procedure. Each of the seven chromatic stimuli and the white stimulus used in Experiment 1 were presented continuously. The luminance of the white stimulus was .7 cd/m 2 . Heterochromatic flicker photometry was used to match the luminance of the chromatic stimuli to the white light. The luminance of the white surround was either equal to, 1 log unit greater than, or 1 log unit less than that of the white and chromatic stimuli.
Subjects alternately viewed these stimuli and a set of color plates from the Uniform Color Scales produced by the Optical Society of America (MacAdam, 1974) . The OSA Uniform Color Space was designed so that the perceptual difference between a color and each of its 12 nearest neighbors in the space would be equal. Furthermore, equal distances between points in the space correspond to equal perceptual differences between the corresponding colors. Each color plate is specified on three dimensions: L (lightness), j (yellowness), and g (greenness), with negative values indicating their complements. The distance, and thus the perceptual difference, between any two colors is computed as V2 (AL) 2 -MAg) z -|-(Aj) 2 (MacAdam, 1974) . The conditions for viewing the color plates were those recommended by the Optical Society Committee on Uniform Color Scales. Subjects selected the plate that appeared most similar to each of the 24 stimuli (seven chromatic and one white stimulus in three surround conditions).
Subjects. Subjects included MJN, who had participated in the earlier experiments, and VS (the third author) and AE, who had not. All had normal vision with corrective lenses and normal color vision, and were experienced in psychophysical judgments.
Results
The L, j, and g values of the plates selected by the three subjects are given in Table 1 . Subjects showed good agreement in the plates selected to match the 24 stimuli. For 17 stimuli there was perfect Note. For stimuli for which subjects selected different plates, values for both plates are shown.
agreement among subjects. For the remaining 7 stimuli, the different plates selected were nearest neighbors in the color space. The L value was always lower when stimuli were presented with a brighter surround than when the surround was either equal to or darker than the stimuli. With the brighter surround, L was either -5 or -6; for the other two conditions, L ranged from -3 to 2. The brighter surround succeeded in inducing darkness into the stimulus field. It should be noted that the matching plates selected for the equal-and darker-surround conditions rarely differed in either lightness or hue values.
For each surround condition, distances among all eight stimuli were computed and are shown in Table 2 . These values lead to two main conclusions that are of immediate relevance. First, dark colors appear more similar to an achromatic stimulus than do bright colors. The distance between every chromatic stimulus and white was reduced in the brighter-surround condition.
On the average, the brighter surround reduced the distance between chromatic stimuli and white by 36%. Second, dark colors appear more similar to each other. Distances among chromatic stimuli were approximately 30% less with the brighter surround than with the other two surrounds. These conclusions hold for the results of all three subjects.
Experiment 4
If a perceptual account of our RT results is adopted (i.e., if it is assumed that it was the perceptual similarity to white that determined reaction times to the chromatic stimuli), then the results of Experiment 3 lead to two predictions regarding simple RT to dark colors. First, because dark colors are more similar to the achromatic background, RT should generally be slower to dark colors than to bright colors. Second, because dark colors are more similar to each other, one might expect a Note. When computed distances are not the same for every subject, the range of distances is given.
smaller effect of wavelength on RT to dark colors. In Experiment 4 we tested these predictions by measuring simple RT to chromatic stimuli presented in hue substitution with white surrounds of three luminances. It should be noted that only the chromatic channel responds to stimuli presented in hue substitution; the achromatic channel is insensitive to pure hue modulation.
Method
Stimuli. The stimulus display and apparatus were the same as in the previous experiments. The seven chromatic stimuli were those used in Experiment 1. The luminance of the central portion of the achromatic background field was always .7 cd/m 2 , and the luminances of the chromatic stimuli were matched to it by heterochromatic nicker photometry. There was thus no luminance change accompanying stimulus onset in the RT task. The luminance of the achromatic surround was either equal to, 1 log unit greater than, or 1 log unit less than that of the stimuli.
Procedure. Trials in the RT task were grouped into 40-trial blocks, each of which included 20 presentations of each of two chromatic stimuli. Every possible pair of the seven wavelengths was used once in each surround condition, making a total of 21 blocks and 120 observations per wavelength in each surround condition. The order of blocks within conditions was random, with the restriction that each wavelength was tested at least once on every day of the experiment.
The three subjects (those who participated in Experiment 3) performed seven blocks per day for 9 days. The three surround conditions were run on separate days, with 3 days per condition. For subject MJN, the three conditions were interspersed according to a Latin square. Subjects VS and AE performed the brighter-and equal-surround conditions on alternate days; they performed the darkersurround condition about 2 months later.
Each trial included a blank foreperiod of 500, 1,000, 1,500, or 2,000 msec, as in Experiments 1 and 2. Stimuli were always response-terminated. Subjects were instructed to respond to both stimuli presented in a block as quickly as possible with a key press.
Results
Median RTs for the three subjects in each condition are shown in Figure 4 . Trials on which subjects made an anticipation (1%) and those with response times greater than 2 sec (less than .5%) were excluded from analysis.
Results in the equal luminance-surround condition replicated our earlier data obtained under these conditions, although response times were somewhat slower for the less practiced subjects. As Figure 4 shows, RT differences among the three surround conditions are minimal at all wavelengths except 570 nm. At 570 nm, every subject shows differences among the conditions, but the differences are inconsistent among subjects: RT to 570 nm is slowest with the brighter surround for MJN; with the darker surround for VS; and with the brighter and equal surrounds for AE. Subjects reported some difficulty in detecting the 570-nm stimulus. All of the other wavelengths were easily detected, however, and although an effect of wavelength on RT to these stimuli persists, there is no effect of surround luminance.
A four-way ANOVA was performed on the median RT data. Factors included surround condition (three levels), foreperiod (four levels), wavelength (seven levels), and blocks (six levels). There were significant main effects of wavelength, F(6, 12) = 11.73, p < .001, and foreperiod, F(3, 6) = 23.89, p < .001. RT decreased monotonically with foreperiod. A significant Foreperiod X Wavelength interaction, , 36) = 2.40, p < .013, resulted from a disproportionate decrease in RT to 570 nm at longer foreperiods. Neither the main effect of surround condition, F(2, 4) = .741, p > .5, nor the interaction between surround condition and wavelength, F(12, 24) = .911, p > .5, was significant.
In summary, we conclude from these data that the dark colors used were not responded to more slowly than the bright colors.
Discussion
There have been previous investigations of the effect of surround luminance on perceptual latency to achromatic stimuli, using techniques such as temporal order judgments (Matteson, 1970 (Matteson, , 1971 ) and the Pulfrich effect (Diamond, 1958; Lit, 1968; Lythgoe, 1938) . These studies have shown that the effect of a brighter surround, if anything, is to reduce perceptual latency. It is difficult to know how to relate results obtained with these techniques to RT data. The agreement between temporal order judgments and RT has been fragile. Sternberg and Knoll (1973) discussed possible reasons for the discrepancies.
There is also precedence in the literature for our finding that perceived brightness can be reduced without an increase in RT. Reaction time remains constant under conditions of metacontrast masking that substantially reduce apparent brightness (Fehrer & Biederman, 1962; Fehrer & Raab, 1962; Schiller & Smith, 1966) , but see Bernstein, Amundson, and Schurman (1973) and Proctor, Bernstein, and Schurman (1974) .
There are, of course, limiting conditions on the surround effects that we have investigated. If the surround were bright enough, the stimulus field would appear black regardless of stimulus wavelength, and stimulus onset might be undetected. However, with a difference of 1 log unit between the stimuli and the surround, we were able to change the percept but not the reaction time. A possibility that remains is that the perceptual change induced by the brighter surround was simply not great enough to affect reaction time. Evidence against this possibility is provided by the results of Experiment 3. Consider again the computed distances shown in Table 2 . In the equal luminancesurround condition, the perceptual difference between 430 nm and white is 7.55; that between 542 nm and white is about 6.14. In the Uniform Color Space, 542 nm is thus 1.41 units more similar to the white background than is 430 nm. And simple RT to 542 nm is correspondingly slowerby 32 msec for subject VS, 23 msec for MJN, and 46 msec for AE (Figure 4) . If we now consider the perceptual difference between each wavelength and white with the equal luminance surround and with the brighter surround, we find that the brighter surround reduces the difference by at least 1.41 units for 430, 502, 542, 570, 613, and 650 nm. Yet simple RT is unaffected by this equivalent or greater perceptual change (except perhaps at 570 nm).
It thus seems that with the stimulus conditions of Experiments 3 and 4, we were operating within the range of perceptual differences that could affect simple RT if the response times were mediated entirely by the perceptual similarity between the target and the background. The fact that we could manipulate the percept without affecting response times suggests that their determinants can be dissociated. We would not claim that the two are entirely unrelated. Our claim is simply that the response times are not determined by the percept.
It may be that the speed of response is determined by processes operating earlier in the system than those determining more perceptual qualities, such as induced brightness. DeValois and Pease (1971) have reported that although cells in the monkey lateral geniculate nucleus show evidence of border enhancement, there is no indication that simultaneous brightness contrast has an effect at that level of the visual system. They measured the response of cells to a gray square centered on the receptive field. The response was no different when a black surround was used (so that the square appeared white) than when a white surround was used (so that the square appeared black). They concluded that brightness contrast effects must be determined by a more central process.
Conclusions
The reaction time techniques we have used in this and our earlier study (Nissen & Pokorny, 1977) seem capable of revealing some of the response properties of achromatic and chromatic processing channels. When chromatic stimuli are presented on a dimmer achromatic background and a simple RT task is used, response time is wavelength-independent. Although such stimuli produce activity in both chromatic and achromatic channels, it seems that the faster achromatic channel dominates the subject's response. The time required to detect incremental chromatic stimuli is mediated by a system that is color blind.
Although simple RT to incremental stimuli provides no information about the accrual of information in the chromatic channel, we have shown that there are other reaction time tasks which do. One way to isolate the chromatic channel response is to change the stimulus characteristics by using a hue substitution condition. Because the achromatic channel does not respond to substitution stimuli, simple RT must be mediated by the chromatic channel. An alternative technique is to change the central decision process by using a discriminative RT task, so that even though both channels respond to the incremental stimuli, subjects must use the information provided by the somewhat slower chromatic channel.
We believe that the decision to respond and the latency of the response in these situations are determined by the strength of activity in the chromatic channel. For example, in the discriminative RT task used in Experiments 1 and 2, we propose that responses may be based on a comparison between a cumulative count of impulses in the chromatic channel and a criterion. Alternatively, the comparison may involve the interspike interval of neural pulses, which varies inversely with the strength of neural activity. Or perhaps the ratio of activity in the chromatic and achromatic channels is used. With luminances matched for all stimuli, each of these alternatives provides a measure of the strength of the chromatic channel response.
These two methods of isolating chromatic channel activity yield comparable results: Response latency demonstrates a wavelength dependence that approximates a saturation function. There is good agreement between these data and physiological measurements of the response of spectrally opponent cells to comparable stimuli. Our results also indicate that these speeded responses are immune to the effects of simultaneous brightness contrast, suggesting that they may be based on relatively early processing.
In a world devoid of luminance differences, the time required to detect a stimulus would depend dramatically on its color. In the presence of luminance differences, the luminance-dependent but wavelength-independent response of the faster achromatic channel ensures that we can detect stimuli of different colors equally fast. However, the wavelength-dependent response of the chromatic channel suggests that the time required to appreciate the color of a stimulus depends on which color it is.
